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A method and apparatus for the separation of particles, especially 
of macromolecules, by electrophoresis. 

Field of the Invention 

The present invention relates to a method and an apparatus for separating particles, in 
particular, macromolecules, such as DMA, RNA macromolecules, DNA, RNA oliogomere 
and proteins by electrophoresis. 

Description of the Prior Art 

Methods using electrophoresis are preferably employed in molecular biology, genetic 
engineering and in the medical field to separate macromolecules having a different 
charge and a different size. 

In the art substantially two different methods of the electrophoresis for the separation of 
macromolecules are known, namely the so-called gel electrophoresis and the capillary 
gel electrophoresis. In gel electrophoresis a gel applied to a plate Is used; in capillary gel 
electrophoresis a gel-like polymeric solution in a capillary is provided. 

In both the gel and capillary gel electrophoresis one takes advantage of the fact that 
macromolecules having a different charge and size migrate with a different velocity in a 
gel when influenced by an external electrical field, and bands are thereby generated 
each containing a species of the different macromolecules, i.e., the macromolecules 
having the same charge or the same size. The location of the bands is optically readout 
by color techniques or UV light absorption. 

In order to readout the bands a layer of a coloring agent is applied to the gel and is 
maintained there at a precisely controlled temperature for a determined time. Thereafter 
the coloring reaction is prevented by withdrawing the water from the gel. 

Typically, agarose, cellulose acetate or acrylamide are used as gels. Gel electrophoresis 
and capillary gel electrophoresis are used, for example, in DNA analysis in the medical 
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research and diagnosis. By means of restriction fragment analysis a prediction can be 
made about, for example, the genetic information, and for this reason gel electrophoresis 
has gained great importance for the diagnosis of genetically determined diseases. 

Substantial disadvantages of methods using gel electrophoresis and capillary gel 
electrophoresis reside in the fact that, on the one hand r a significant amount of time is 
required for preparing and carrying out electrophoresis, and, on the other hand, that a 
large amount of sample material is required for the analysis. 

In particular, in both methods the usual electrophoresis paths are relatively long. This 
entails migration times of approximately two hours. Furthermore, prior to the actual 
electrophoresis process, the gel has to be prepared, for example, it has to be heated. 
Automation of the this process is, in principle, possible is, however, accompanied by 
great effort, since the required equipment leads to high costs. Therefore, electrophoresis 
is often carried out manually, thereby additionally contributing to an increased time 
consumption. 

Moreover, the conventional method may not arbitranly be scaled down to, for example, 
reduce the amount of samples required. 

In view of the above mentioned disadvantages, the present invention is directed to a 
method and apparatuses for carrying out a method in which, on the one hand, time 
consumption for the separation of macromolecules by means of electrophoresis may be 
reduced and which, on the other hand, are appropriate for scaling down so that already 
small amounts of samples are sufficient for the analysis. 

Summary of the Invention 

The above-mentioned object is solved by a method for the electrophoretic separation of 
particles, in particular, of macromolecules, comprising applying the particles to be 
separated on a substrate-supported membrane such that the particles are mobile across 
the surface of the substrate-supported membrane The method further comprises 
providing an electrical field such that directions of the electrical field are oriented along 
the surface across which the particles are mobile. Additionally, the method includes 
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temporarily modifying the electrical field and/or using a substrate-supported membrane 
having a structured surface, wherein the electrical field is temporarily modified and/or the 
substrate-supported membrane Is structured in such a manner that a force is acting on 
the particles which leads to a movement depending on the length of the particles. 

By means of a defined selection of the applied electrical field and/or a corresponding 
structuring of the membrane, a force acts on the particles that depends on the length of 
the macromolecules, and consequently a different path length in the electrical field is 
obtained for macromolecules depending on their size. Contrary to the prior art, in the 
present method, the running times may be significantly reduced in that the 
macromolecules no longer have to propagate in the gel, but instead are bound at the 
surface of the membrane, yet are otherwise freely movable. The high degree of mobility 
of the macromolecules on the membrane, therefore, leads to a significant reduction of 
the time period necessary to carry out electrophoresis. Furthermore, time consumption 
for the preparation of a membrane is remarkably reduced compared to the time 
consumption required for casting a gel. 

In a further preferred embodiment of the present invention, a fluid lipid membrane is used 
as the substrate-supported membrane. By using such a membrane, it is insured that, one 
the one hand, the particles are bound to the membrane and, on the other hand, the 
particles have a sufficient degree of mobility on the surface of the membrane. The three- 
dimensional movement known from the prior art may accordingly be reduced to a quasi- 
two-dimensional movement. Such membranes may comprise, for example, PEG 
functionalized lipids or DAC-Chol; a-beta-tN^N.N'-Dimethylamjnoetha^-carbamoyl) 
(-cholesterolhydrochlorid). Preferably, a cationic fluid lipid membrane may be used for 
this purpose. By means of such a membrane typically negatively charged DNA, RNA 
macromolecules and DNA, RNA oliogomeres, respectively, may be bound to the 
membrane. 

According to a further embodiment amphiphilic macromolecules may be used for building 
up the membrane. Amphiphilic macromolecules are characterized in that they form 
monolayers and bilayers in an aqueous solution. 
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According to a further embodiment of the previous method, a fluid lipid membrane may 
be used that comprises monolayers or bilayers including charged lipids. Accordingly, on 
the one hand, good adherence of the membrane to the substrate is guaranteed and, on 
the other hand, binding of the macromolecules to the membrane is insured. Moreover, in 
this way, the membrane may be formed relatively thin so that the observation of the 
bands with optical means is possible without any problems. 

According to a first alternative of the above described method, a pulsed electrical field is 
used. The macromolecules of different size that have been applied to the membrane 
initially perform an unordered Brownian movement If then a pulsed electrical field is 
applied, the various macromolecules are oriented along the lines of the electrical flux 
during the first pulse. This orientation occurs depending on the size of the 
macromolecules, wherein the smaller macromolecules are aligned more rapidly than are 
the larger ones. The macromolecule starts its movement in the direction of a field 
gradient once the macromolecule is oriented correspondingly to the electrical field. As a 
consequence, smaller macromolecules start moving in the electrical field earlier than 
larger macromolecules. During the time period between the first and the second pulse, 
again an unordered Brownian movement of the macromolecules occurs; however, due to 
the greater migration distance the smaller macromolecules have moved during the first 
pulse, they perform their unordered movement at a different location than do the larger 
macromolecules. If now the second pulse is applied, again, orientation of the 
macromolecules along the field line takes place. Again, smaller macromolecules are 
aligned more rapidly than larger macromolecules and again move a larger distance in the 
electrical field during the second pulse. As a result, in this way a separation of the 
macromolecules can be achieved depending on their size. 

According to a second alternative of the above described method, an alternating field can 
be used on which a time constant field is superposed. The macromolecules substantially 
moved along the lines of electrical fluxes driven by the time constant field. However, the 
movement in this field Is also influenced by the alternating field in which the 
macromolecules are oriented. Since, analogous to the above case, the macromolecules 
are oriented in the alternating field with a rate depending on their size and also move in 
the alternating field, a smaller macromolecule again moves a larger distance per time 
unit. In that the macromolecules are not only oriented under the influence of the 
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alternating field, but also move in the alternating field, in total, the macromolecules 
perform a zigzagging movement on the surface of the membrane. 

Advantageously, in this case, the alternating field and the time constant field may be 
superimposed in a crosswise fashion. In this case, a symmetrical path of the 
macromolecules on the membrane is obtained. 

In the methods according to the first and second alternatives, additionally a substrate 
including ribs on its surface may be used for supporting the membrane. By this measure, 
the movement and especially the orientation of the macromolecules in the electrical field 
in dependence on their size is influenced even more Intensely. In particular, the frictional 
force during the orientation increases more intensely for larger macromolecules than for 
smaller ones, which, in total, leads to a further discrimination in view of the size of the 
macromolecules. 

For canying out the method, a substrate has proven to be appropriate the ribs of which 
exhibit a periodicity in the range from 2 nm to 200 nm. Advantageously, the height of the 
ribs thereby ranges from 0.1 nm to 10 nm. 

According to a third alternative of the above described method, a time constant field may 
be used, having a direction substantially perpendicular to the ribs, when a membrane is 
used that is provided on a substrate having ribs. Accordingly, larger macromolecules 
experience a larger frictional force than the smaller macromolecules, resulting in a 
smaller velocity of these larger macromolecules in the direction of the field. 
Consequently, a separation of the macromolecules depending on their length is also 
achieved. 

According to a further preferred embodiment of all of the above described methods, a 
membrane is used having an exclusion area in which a movement of the particles is not 
possible or on the boundary of which the macromolecules are stopped. By the 
application of a corresponding electrical field prior to performing the actual 
electrophoresis the particles may accordingly be collected in a narrow region in front of 
this exclusion area. Thereby, a clearly defined start point and a narrow range of the 
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movement taking place during the electrophoresis are defined. This results in an 
improved resolution of the method. 

When using a fluidal membrane, the exclusion area may be realized by a non fluid area 
in the fluid membrane. This non-fluid area may be obtained, for example, in that the 
substrate is coated with a material on which the actual fluid membrane is not fluid. For 
example, AI2O3 is appropriate for this purpose. Such an exclusion area can also be 
obtained in that a different material is applied to the substrate so that in this area no fluid 
membrane can form. For instance, Al 2 0 3 is suitable for this purpose. 

The above described methods can be employed in a method for observing an 
electrophoretic separation. For this purpose, preferably, digitized image data are 
recorded by, for example, a video camera coupled to an optical microscope while 
performing the electrophoretic separation. Thereafter, these recorded image data may be 
evaluated by using a computer. 

Compared to the prior art, this embodiment offers the large advantage that also dynamic 
processes may be observed in a simple manner. Accordingly, it is possible, for example, 
to observe DNA-cutting enzymes during their activity. 

The above described methods for the electrophoretic separation are, as previously 
explained, especially suited for separation of DNA, RNA macromolecules, DNA r RNA 
oligomers. Additionally, with this method a plurality of other macromolecules, such as 
proteins, may also be investigated. 

Advantageously the so-called iso-electrical focusing may be used to improve the 
resolution. Hereby, the particles migrate in a pH gradient up to a pH value corresponding 
to their iso-electrical point at which they exhibit a zero net charge. That is, the migration 
speed at this point is also zero. In the one-dimensional protein electrophoresis the pH 
gradient field is parallel to the electrical field. In the two-dimensional electrophoresis the 
pH gradient is perpendicular to the applied field. 

According to the present invention, a substrate is provided in particular for supporting the 
membrane during the performing of one of the above described methods, which is 
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comprised of an optical transparent material. With such a substrate it is possible, 
especially in combination with the relatively thin membrane, to directly observe or to 
record, using a video camera, the bands of the different sizes of the macromolecules, 
which have formed after the electrophoretic separation. This provides the advantage that 
the macromolecules may be maintained in their native state during analysis, thereby 
allowing the macromolecules to be available for analysis steps to be performed later on, 
such as a DNA hybridization. 

According to a further embodiment the substrate may comprise glass as an optically 
transparent material. 

Alternatively, plastics may also be used as an optically transparent material. In particular, 
plastics such as PC, PMMA. PS, PE or plastics of cyclic olefins may also be used for this 
purpose. Since plastics may be processed more simply than glass, plastics are 
especially suited when the substrate shall include complex structures, for example for the 
performing of the method with a structured substrate. 

In the method in which a structured substrate is employed especially a substrate is 
appropriate that includes a surface having ribs formed therein. Preferably, the ribs and 
the substrate exhibit a periodicity ranging from 2nm to 200nm. As a height of the ribs, a 
height ranging from 0.1nm to 10nm has proven to be suitable. 

The essential point of structured substrate resides in the fact that macromolecules 
provided on a membrane that is applied on such a substrate experience a frictional force 
that depends on the size of the macromolecules. Therefore, differently formed structures 
leading to this effect may be used. 

Although these substrates may advantageously be used in the above described 
methods, these substrates may also be employed in other applications, such as in 
expanding or orienting of macromolecules. This is especially true for the substrates 
having a structured surface such as the rib-shaped surface. 

Moreover, according to the present invention a substrate supported membrane is 
provided that is especially suited for performing the above described methods and which 
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comprises one of the previously described substrates and a fluid lipid membrane applied 
on the corresponding substrate. 

By means of this substrate supported membrane simple means are provided for the 
carrying out of the above described methods. 

Advantageously, the substrate supported membrane may comprise a fluid lipid 
membrane having cationic lipids. Advantageously amphophilic macromolecules may also 
be used for forming the membrane. Furthermore, the fluid lipid membrane may comprise 
bilayers of charged lipids. Moreover, the fluid membrane of the substrate supported 
membrane may comprise at least one non-fluid area. 

With these advantageous embodiments the advantages may be attained that have been 
discussed with respect to the methods. To avoid any repetitions it is referred to the 
corresponding parts of the description of the present methods. 

According to a further embodiment the fluid lipid membrane of the substrate supported 
membrane may be dried up. Therefore, the substrate having the membrane dried up 
may be stored. For usage the substrate supported membrane has only to be swelled in 
water and/or a buffer solution. With membranes prepared in such a manner possible 
errors and deviations in producing the membrane, in particular in preparing the solutions 
for the membrane, may be avoided, so that the reproducibility of results is increased. 

Moreover, in accordance with the present invention, there is additionally provided a 
microchannel electrophoresis chamber comprising at least one channel the bottom 
surface of which includes one of the previously described substrates wherein the 
microchannel chamber comprises an electrode assembly. 

In such a microchannel electrophoresis chamber the various process steps such as 
determination of the start point, the electrophoretic separation of particles by the 
movement in an electrical field and the optical evaluation of the bands may be integrated. 
Consequently, the present method is significantly simplified compared to the prior art 
technique that required to carry out these process steps in different stages and in 
different work places. Moreover, in such a microchannel electrophoresis chamber it is 
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possible to expand, to manipulate and to simultaneously make macromolecules available 
for optical methods. 

Preferably, hereby each channel has a width in the range from 1 micrometer to 10 
millimeters and depth in the range from 1 pm to 5000 pm. 

According to a preferred embodiment the microchannel electrophoresis chamber may 
comprise a plurality of channels arranged in the form of a two-dimensional matrix. It is 
thus possible to carry out a plurality of expenments at the same time. 

According to a preferred embodiment of the microchannel electrophoresis chamber the 
electrode assembly may comprise two electrodes that are provided at the respective 
longitudinal ends of each channel. This embodiment leads to a further simplification of 
the experimental set up. Hereby, the electrodes may already be integrated In the 
microchannel electrophoresis chamber and the microchannel electrophoresis channel 
has merely to be connected at the measurement location. Moreover, since the electrodes 
are already provided in the microchannel electrophoretic chamber, a predetermined 
arrangement with respect to each channel and therefore also with respect to the 
membrane may be realized, thereby resulting in a fixedly defined field with respect to the 
membrane. Thereby, a further scaling-down may be obtained compared to the prior art, 
since in the prior art the scaling-down is limited due to the position accuracy of the 
electrical field with respect to the membrane. 

According to a further embodiment the electrode assembly may alternatively or 
additionally comprise two electrodes extending longitudinally along the channel direction 
at both sides of each channel. This embodiment is especially appropriate for the above 
described method in which an alternating field and a time constant field provided in a 
crossed manner thereto is used. It is to be understood that also in this case the 
advantages may be obtained that have been discussed with reference to the above 
described electrode assembly. 

In the above described microchannel electrophoresis chamber the substrate may be 
coated with a fluid lipid membrane. This fluid lipid membrane may comprise cationic 
lipids. Advantageously, the fluid lipid membrane may comprise amphiphilic 
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macromolecules. Moreover, the fluid lipid membrane may include bilayers of charged 
lipids, the fluid lipid membrane may be provided in a dried form and/or may at least 
comprise a non-fluid area. 

By these special embodiments the advantages already discussed with reference to the 
various methods and the various substrate supported membranes may also be attained. 
In order to avoid any redundancies it is merely referred to the corresponding 
explanations of these features with respect to the methods and the substrate supported 
membranes. 

Brief description of the drawings 

In the following the present invention will be describes with reference to various 
embodiments by referring to the accompanying drawings in which: 

Figure 1 : depicts an embodiment of a microchannel electrophoresis chamber for 
explaining a first embodiment of the method for the electrophoretic 
separation of particles in accordance with the present invention; 

Figure 2: shows a first embodiment of a substrate supported membrane for 

explaining a second embodiment of the method for the electrophoretic 
separation of particles according to the present invention; and 

Figure 3: depicts a second embodiment of a substrate supported membrane for 
explaining a third embodiment of the method for the electrophoretic 
separation of particles according to the present invention. 

Figure 1 depicts an embodiment of a microchannel electrophoresis chamber for 
explaining a first embodiment of the method for the electrophoretic separation of particles 
according to the present invention. A microchannel electrophoresis chamber 1 comprises 
a chamber body 2, in which a channel 3 is provided. The bottom surface of channel 3 is 
hereby provided in form of a non-structured substrate 4. The substrate 4 is optically 
transparent comprising, for example, glass, plastics such as PMMA, PC. PS, PE or 
similar materials. Moreover, the substrate is thinned down to approximately 100Mm. 
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Because of this, the microchannel electrophoresis chamber 1 is directly available for 
optical read out methods. 

The substrate 4 may be inserted in a corresponding opening in the chamber body 2 or as 
in the present case, may directly be formed as a part of the chamber body 2 To this end, 
a channel having a corresponding depth in a range of 1 urn to 5000um may be provided 
in the chamber body. 

A fluid membrane 5 is applied on the substrate as is especially depicted in the enlarged 
view of Figure 1 . In the present embodiment the membrane 5 is provided in form of a 
bilayer lipid membrane, such as a DPOC/DOTAP membrane. 

Moreover, the electrophoresis chamber comprises an electrode assembly 6 including two 
electrodes provided at the longitudinal ends of the channel 3, wherein the electrodes 
comprise conventional materials such as platinum, gold, Ag/AgCI and the like. One of 
these electrodes is grounded, whereas a pulsed voltage in a range of 2 to 1000V is 
applied to the other electrode, as will be explained in the following. 

As is further depicted in the enlarged view, two macromolecules are provided on the 
membrane 5. 

The entire arrangement depicted in Figure 1, i.e. the membrane 5, the macromolecules 7 
and the substrate 4 are within a liquid, for example water or a molecule-stabilizing buffer. 

In the following a first embodiment of the method for the electrophoretic separation of 
marcomolecules is described with reference to Figure 1 . 

In the embodiment depicted in Figure 1 and as also indicated in Figure 1, and electrical 
field is used. The macromolecules 7 of different size that have been applied on the 
membrane 5 perform an unordered Brownian movement between the voltage pulses, 
that is, at a voltage of 0\A During the voltage pulses, however, the various 
macromolecules are initially aligned along the lines of electrical fluxes. This alignment or 
orientation occurs depending on the size of the macromolecules, wherein the smaller 
macromolecules are oriented more rapidly than the larger ones. After a macromolecule is 
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oriented or aligned in the electrical field, it also starts moving in the electrical field during 
the voltage pulses and it moves in the direction of the electrical field. Since smaller 
macromolecules are oriented In the electrical field more rapidly than larger 
macromolecules, the smaller macromolecules start moving in the electrical field earlier 
and therefore move the larger distance in the field during the voltage pulses than the 
larger macromolecules. 

During the application of a pulsed voltage the macromolecules therefore move, 
depending on their charge and size respectively, over different distances on the 
membrane 5 in the channel 3 and they collect in so-called bands 8 according to their 
charge or size as is depicted in Figure 1 . 

Figure 2 shows a first embodiment of a substrate supported membrane 10 for explaining 
a second embodiment of the method for the electrophoretic separation of particles 
according to the present invention. In the following, merely the differences between both 
arrangements are described so as to avoid any repetition. Hereby, the same numerals 
indicate the same components of the corresponding arrangement 

The substrate supported membrane 10 in Figure 2 differs from the arrangement depicted 
in Figure 1 substantially by the electrode assembly. Moreover, the substrate supported 
membrane 10 is provided in a chamber body of the channel floor. The remaining 
components correspond to those of the structure depicted in Figure 1; for the description 
thereof, it is therefore referred to the corresponding discussion provided above. 

The electrode assembly of the substrate supported membrane depicted in Figure 2 
comprises two electrodes 6a and two electrodes 6b. A constant voltage (DC) which 
preferably ranges from 2 to 1000V is applied to the electrodes 6a and an alternating 
voltage (AC) preferably in the range of 2 to 1000V and having a frequency in the range of 
0.1 to 200Hz is applied to the electrodes 6b. 

As in the arrangement shown in Figure 1 , also in this case the membrane, the substrate 
and the macromolecules are provided in a liquid, for example in water. 
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In the following, a second embodiment of the method for the electrophoretic separation 
of macromolecules by using a substrate supported membrane as shown in Figure 2 will 
be described. 

By means of the time constant field caused by the electrodes 6a, the macromolecules 
move essentially in the direction of the field gradient. The motion in this field is however 
also influenced by the alternating field created by the electrodes 6b, in which the 
macromolecules are oriented and also move. Since the macromolecules, analogous to 
the above case, are oriented and move in the alternating field depending on the size of 
the macromolecules, the smaller macromolecules again move a larger distance per time 
unit Since the macromolecules not only are oriented under the influence of the 
alternating field, but also move in the alternating field, they perform a zig-zag movement 
on the surface of the membrane as is indicated in Figure 2. 

As in the first method, the macromolecules also gather in the bands 8, which are 
indicated on the membrane on Figure 2 and which are additionally presented in a 
histogram (the histogram depicts the number of molecules versus the distance moved on 
the substrate supported membrane), since the macromolecules move different distances 
according to the size and charge, respectively. 

Figure 3 depicts a second embodiment of a substrate supported membrane for 
explaining a third embodiment of the method for the electrophoretic separation of 
particles according to the present invention. 

This embodiment differs from the substrate supported membrane shown in Figure 2 in 
that the surface of the substrate 4 is provided with ribs 9. The remaining arrangement of 
the embodiment corresponds to that depicted in Figure 2, and therefore it is referred to 
the explanation of the latter embodiment to avoid any repetition 

In the embodiments of Figure 3 a substrate is used the ribs of which exhibit a periodicity 
in the range of 2 nm to 200 nm. The height of the ribs thereby ranges from 0.1 nm to 10 
nm. In a substrate comprising the above indicated plastics, the structuring can be formed 
by, for example, imprinting a dye containing the negative of the desired form. To this end, 
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the plastic is preferably heated. A silicon wafer out in the (111) plane and etched with 
KOH may be used as the dye. 

By employing the substrate 4 having the ribs 9, the movement and, in particular, the 
orientation in the electrical field of the macromolecules, depending on the size of the 
macromolecules, on a membrane applied on a such a substrate is influenced even more 
intensely. Especially, the frlctlonal force for larger macromolecules during their 
orientation is increased more intensely than that for smaller macromolecules leading, in 
total, to a further discrimination with respect to the size of the macromolecules. 

For a further explanation of the present invention, various examples will be described 
which have been performed with the above described means. 

Example 1: 

Preparation of a substrate supported membrane by vesicular fusion 

In example 1 the substrate supported membrane was realized by manufacturing of a 
cationic bilayer of lipids by vesicular fusion of a glass support. To this end r for example, 
lipids solved in chloroform were mixed. A typical ratio of DOPC/DOTAP is 9/1. This 
solution was dried up and then the lipids were swelled with water or a buffer solution, 
such as HEPES 10mM, NaCL 10mM, EDTA 1mM. The lipid concentration was 
approximately 1mg/ml. This solution was exposed to sonic waves with a blow pipe sonic 
wave means for 1 to 2 minutes. The surface to be coated was heated prior to the actual 
vesicular fusion process to be greatly hydrophilic. Suitable for these purposes is a 
treatment of 1 minute with a 5M KaOH solution. For the filling of a chamber, as 
previously described, a vesicular solution of approximately 2ml was provided to the 
chamber. After approximately 2 hours, the chamber was thoroughly purged with a buffer 
solution to remove the excess lipid. After this treatmeant, a bilayer having a thickness of 
approximately 4 nm remained in the chamber. Between the bilayer and the substrate, an 
approximately 0.1 nm thick water layer was formed, in this example, the membrane had 
a lateral self diffusion constant of approximately 1 prnVs. 
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Since, in the present example, the electrophoretic separation should be evaluated by 
microscopy with high resolution, a transparent optically Inert substrate or a chamber floor 
was used, the thickness of which was between 100 and 200 pm. 

Separation of the DNA bv means of pulsed fields 

The macromolecules to be separated, for example, DNA 80 bp (base pairs) and 40 bp 
were also inserted into the chamber. 

Double strand DNA of the length of 80 bp exhibited a self diffusion constant of 0.2 pm 2 /s 
on the fluid membrane of the present example, whereas DNA having a length of 40 bp 
exhibited a diffusion constant of 0.4 |jm 2 /s. 

By the application of a pulsed field between 0.1 V/cm and 100V/cm, the DNA 
macromolecules separate. Advantage was taken from the fact that the DNA oligomers 
were randomly oriented by self-rotation diffusion after each turn off of the field. This 
effect breaks up the proportional ratio between the number of DNA base pairs and the 
mobility. 

To avoid any polarization of the electrodes, platinum electrodes or Ag/AgCI electrodes 
that had been blackened were used. Depending on the chamber size, salt contents of 
the buffer solution and the applied voltage, a current between 0.1 j±A and 10pA is 
flowing. The electrical field was applied for approximately 10 minutes. 

Display of the DNA bands bv fluorescence marking 

By adding a DNA colorant, for example TOTO with a ratio of one TOT macromolecule to 
five DNA base pairs, the DNA is fluorescence-marked after approximately 10 minutes at 
room temperature. To this end, water/buffer containing the corresponding amount of 
TOTO is purged into the chamber. For observing the bands, and Axiovert 100 of the Carl 
Zeiss company was used. The two bands of the oligemers having a length of 40 bp and 
80 bp respectively were observable. 



Example 2: 
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Preparation of a cationic monolayer or bilaver b y means of a Langmuir-Blodqett 
technique 

By means of the Lanfmuir-Blodgett technique, a fluid membrane was applied to PMMA; 
instead of PMMA, also PC, PE. PS, PVA as well as cyclic olefins were used. In the 
Langmuir-Blodgett technique, amphiphilic molecules solved in chloroform are spread on 
the water surface of a trough made of teflon so that the hydrophilic portion of the 
molecule penetrates the water and the hydrophobic part projects from the water. This 
system can be compressed to the desired lateral pressure by means of an appropriate 
barrier. If now a vertically oriented platelet made of the above-mentioned materials is 
dipped into the water through this film, a fluid monolayer forms on the surface of the 
platelet. 

The same experiments as in example 1 were carried our with this substrate supported 
membrane and the same results were obtained. 

Example 3: 

A substrate supported membrane according to example 1 or example 2 was prepared. 
Separation of the DNA bv cross fields 

Contrary to the first and second examples, cross fields, i.e. a constant field 
superimposed by an alternating field instead of a pulsed field was applied for the 
separation of the DNA80 bp and the DNA 40 bp. 

To this end, the constant field exhibited a field strength between 2 and 200V/cm, the AC 
voltage field had a field strength between 2 and 200V/cm at a frequency from 0.1 to 100 
Hz. Thereby, platinum/platinum black or alternatively Ag/AgCI electrodes were used. 

The same experiments as in example 1 were performed with the substrate supported 
membrane and the same results were obtained. 
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Example 4: 

A substrate supported membrane according to Example 1 or Example 2 was prepared 
Separation of the DNA bv structuring the substrate 

The membrane is applied to a previously structured substrate as is shown, for example, 
in Figure 3 and is described with reference to this Figure. This substrate comprised ripple 
marks or a roughness having a height of approximately 0.1 nm and a periodicity of about 
100 nm. Moreover, the used substrates were transparent and had a thickness from 100 
pm to 200 >im. The electrode assembly was driven as in Example 3. 

The results received with this arrangement correspond to the result obtained in Example 
3, wherein the relative distance between the bands was larger. 

Example 5: 

Collecting the DNS on a line bv provid ing non-fluid areas 

Parts of the chamber floor were coated with materials, on which the applied membrane Is 
non-fluid, as is described in the Examples 1 - A. To this end, for example AI 2 0 3 P or 
PMMA were used. These areas represent an exclusion area for the DNA 
macromolecules that are mobile on the membrane. By applying an electrical field forcing 
the DNA in the direction of the exclusion area, the DNA macromolecules can be 
collected at the boundary between the membrane and the exclusion area. 

By means of this membrane, and electrophoretic separation as in Example 1 was 
performed. In the result, sharper bands were observed, i.e. bands having an extension in 
the direction of the field that is less than the extension of the bands obtained in Example 
1. 

Example 6: 

Collecting the DNS on a line bv providing areas that are no t wetted bv the membrane 
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By applying Al 2 0 3 on a predetermined portion of the chamber floor with a height of 10 nm 
to 1 and a width of 1 - 30 ijm, the formation of a membrane in this portion was 
prevented. Hereby, the same experiments as in Example 1 were performed and the 
same results as in Example 5, i.e. sharper bands, were obtained. 



i 
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Claims 

1 . A method for the electrophoretic separation of particles, particularly of membrane- 
adherent macromolecules, the method comprising: 

applying the particles to be separated on a substrate supported membrane such 
that the particles are mobile across the surface of the substrate supported 
membrane; 

providing an electrical field such that the direction of the field is oriented along the 
surface across which the particles are mobile; 

performing at least one of: 

temporarily modifying one of the strengths and the direction of the 
electrical field such that a force is acting on the particles that leads to a movement 
depending on the length of the particles and 

using a substrate supported membrane having a structured surface, 
wherein the substrate supported membrane is structures such that a forces is 
acting on the particles that leads to a movement depending on the length of the 
particles. 

2. A method according to claim t, wherein a fluid lipid membrane, particularly 
comprising at least one of lipids activated by PEG and DAX-Chol lipids are used 
as a substrate supported membrane. 

3. A method according to claim 2, wherein a cationic fluid lipid membrane is used. 

4. A method according to claim 2, wherein a fluid membrane is used that comprises 
amphiphilic macromolecules. 

5. A method according to claim 2, wherein a fluid lipid membrane is used that 
comprises bilayers of charged lipids. 
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6. A method according to claim 1 , wherein a pulsed electrical field Is used. 

7. A method according to claim 1 , wherein an alternating field is used on which a 
time constant field is superimposed. 

8. A method according to claim 7, wherein the alternating field and the time constant 
field are superimposed in a crosswise manner. 

9. A method according to claim 1 , wherein a substrate having a surface comprising 
ribs is used for supporting the membrane. 

10. A method according to claim 9, wherein a substrate is used that exhibits a 
periodicity ranging from 2 nm to 200 nm. 

11. A method according to claim 9, wherein a substrate is used in which the height of 
the ribs is in the range of 0.1 nm to 10 nm. 

12. A method according to claim 9, wherein a time constant field is used, the direction 
of which is substantially parallel to the ribs. 

13. A method according to claim 1 t wherein said movement is a rotation. 

14. A method according to claim 1 , wherein the membrane comprises an exclusion 
area in which the particles are not mobile and wherein prior to performing the 
electrophoresis, the particles are collected at said exclusion area upon the 
application of an electrical field. 

15. A method according to claim 14 and claim 2, wherein the exclusion area is 
provided by a non-fluid area of the fluid membrane. 

16. A method of observing an electrophoretic separation, the electrophoretic 
separation comprising applying the particles to be separated on a substrate 
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supported membrane such that the particles are mobile across the surface of the 
substrate supported membrane; 

providing an electrical field such that the direction of the field is oriented along the 
surface across which the particles are mobile; 

performing at least one of: 

temporarily modifying one of the strengths and the direction of the 
electrical field such that a force is acting on the particles that leads to a movement 
depending on the length of the particles and 

using a substrate supported membrane having a structured surface, 
wherein the substrate supported membrane is structures such that a forces is 
acting on the particles that leads to a movement depending on the length of the 
particles. 

wherein the method further comprises: 

recording digitized image data from the electrophoretic separation; and 
evaluating the recorded image data by a computer. 

17. A method according to claim 1 , wherein the particles to be separated comprise at 
least one of DNA, RNA, DNA-, RNA-oligomers and proteins. 

18. A method according to claim 1 , wherein the particles migrate in a pH gradient. 

19. A method according to claim 18, wherein the pH gradient is provided in a parallel 
manner with respect to the electrical field. 

20. A method according to claim 18, wherein the pH gradient is provided substantially 
perpendicularly to the electrical field. 



23/01 02 15:11 FAX +49 89 220287 ANW . ATT . GKS&S MUC 1^)058 

: ~L Q'O ^§-'9 £;!! 3, 5"E' ™ O & SI ^ibO 

22 



21 . A substrate, especially for supporting a membrane for carrying out of a 
method comprising: applying the particles to be separated on a substrate 
supported membrane such that the particles are mobile across the surface of the 
substrate supported membrane; 

providing an electrical field such that the direction of the field is oriented along the 
surface across which the particles are mobile; 

performing at least one of: 

temporarily modifying one of the strengths and the direction of the 
electrical field such that a force is acting on the particles that leads to a movement 
depending on the length of the particles and 

using a substrate supported membrane having a structured surface, 
wherein the substrate supported membrane is structures such that a forces is 
acting on the particles that leads to a movement depending on the length of the 
particles; 

the substrate comprising an optically transparent material. 

22. A substrate according to claim 21 , wherein the substrate includes glass as the 
optically transparent material. 

23. A substrate according to claim 21 , wherein the substrate comprises plastics as the 
optically transparent material. 

24. A substrate according to claim 23, wherein the plastics comprises one PC, 
PMMA, PS, PE and plastics formed of cyclic olefins. 

25. A substrate according to claim 21 , wherein a surface of the substrate is 
structured. 

26. A substrate according to claim 25, wherein the surface comprises ribs. 
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27. A substrate according to claim 26, wherein the ribs exhibit a periodicity ranging 
from 2 nm to 200 nm. 

28. A substrate according to claim 26, wherein the ribs have a height ranging from 0.1 
nm to 10 nm. 

29. A substrate supported membrane, particularly for performing a method 
comprising; 

applying the particles to be separated on a substrate supported membrane such 
that the particles are mobile across the surface of the substrate supported 
membrane; 

providing an electrical field such that the direction of the field is oriented along the 
surface across which the particles are mobile; 

performing at least one of: 

temporarily modifying one of the strengths and the direction of the 
electrical field such that a force is acting on the particles that leads to a movement 
depending on the length of the particles and 

using a substrate supported membrane having a structured surface, 
wherein the substrate supported membrane is structures such that a forces is 
acting on the particles that leads to a movement depending on the length of the 
particles; 

the substrate comprising: 

a substrate including an optically transparent material; and 
a fluid lipid membrane. 
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30. A substrate supported membrane according to claim 29, wherein the fluid lipid 
membrane comprises cationic lipids. 

31 . A substrate supported membrane according to claim 29, wherein the fluid lipid 
membrane comprises amphophilic macromolecules. 

32. A substrate supported membrane according to claim 29, wherein the fluid lipid 
membrane comprises bilayers of charges lipids. 

33. A substrate supported membrane according to claim 29, wherein the fluid lipid 
membrane is dried up. 

34. A substrate supported membrane according to claim 29, wherein the fluid 
membrane comprises at least one fluid area. 

35. A microchannel electrophoresis chamber comprising: 

at least one channel having a bottom surface including a substrate that comprises 
an optically transparent material; and 

an electrode assembly. 

36. A microchannel electrophoresis chamber according to claim 35, wherein each 
channel comprises a width ranging from 1 jim to 10 mm. 

37. A microchannel electrophoresis chamber according to claim 35. wherein each 
channel comprises a depth ranging from 10 nm to 20 pm. 

38. A microchannel electrophoresis chamber according to claim 35, wherein a 
plurality of channels is provided that is arranged in form of a two-dimensional 
matrix. 
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39. A microchannel electrophoresis chamber according to claim 35, wherein the 
electrode assembly comprises two electrodes provided at each longitudinal end of 
each of the channels. 

40. A microchannel electrophoresis chamber according to claim 35, wherein the 
electrode assembly comprises two electrodes longitudinally expanding in the 
direction of the channel at both sides of each channel. 

41 . A microchannel electrophoresis chamber according to claim 35, wherein the 
substrate is coated with a fluid lipid membrane. 

42. A mecrochannel electrophoresis chamber according to claim 41 , wherein the fluid 
lipid membrane comprises cationic lipids. 

43. A microchannel electrophoresis chamber according to claim 41 , wherein the fluid 
lipid membrane comprises amphophilic macromolecules. 

44. A microchannel electrophoresis chamber according to claim 41 , wherein the fluid 
lipid membrane comprises bilayers of charges lipids. 

45. A microchannel electrophoresis chamber according to claim 41 , wherein the fluid 
lipid membrane is dried up. 

46. A microchannel electrophoresis chamber according to claim 41, wherein the fluid 
membrane comprises at least one non-fluid area. 
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Abstract 

The present invention provides a method for the electrophoretic separation of particles, 
especially of macromolecules, comprising the steps of applying the particles to be 
separated on a substrate supported membrane, such that the particles are mobile across 
the surface of the substrate supported membrane; providing an electrical field such that 
electrical fields are formed along the surface across which the particles are mobile; and 
temporarily modifying the electrical field and/or adding a substrate supported membrane 
having a structured surface, wherein the direction and/or the strength of the electrical 
field are temporarily modified and/or wherein the substrate supported membrane is 
structured so that a force is acting on the particles that leads to a movement depending 
on the length of the particles. Moreover, a substrate is provided, in particular, for 
supporting a membrane during the performing of the inventive methods, that comprises 
an optically transparent material. Moreover, the invention provides a substrate supported 
membrane for carrying out the inventive methods including an inventive substrate as 
defined in the claims and a fluid lipid membrane. Moreover, the present invention 
provides a microchannel electrophoresis chamber having at least one channel with a 
bottom surface including an inventive substrate, and an electrode assembly. 
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URTH INVENTOR: 




Residence: Odoonaolatz 2 



Given Narhe{*> 
Date 



SATg: 

FamlryName o - 



Surname 



or Mailing Street Address 
Address Mttnchen t ^P^T^ 



City 
.SSS3SL 



ZIP/Postal Code 



State 

GERMANY 
Citizenship 



GERMANY 
Country 



NAME OF FIFTH INVENTOR : 



Given Name(s) 



MAIER 



Family Name or Surname 



Inventor's Signature 
Residence: RathauastraPe 34 



or Mailing Street Address 
Address Ksriafeld 



CHy 



ZIP/Postal Code 



Date 



State 

GERMANY 



Citizenship 



GERMANS 



Country 



t, 
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DECLARATION. PftCW 3 of 3 



KAHLata). 



10/049,245 



GT _ .o <^ NAME OF SIXTH INVENTOR : 
^^^^ 
Inventor's : 



; Signature 

Residence: Marcharaban Plate la 

or Mailing Street Address 
Address Mflnohon € ^7^ 

Cl 



Given Name(s) Family Name ot Surname 

Date 



QE ftfllA HY . 



ZIP/Postal Code 



State 
GERMANY 



Country 



Citizenship 



'7-oc 



NAME OF SEVENTH INVENTOR 



Andres 




Given Name(s) 



Fam 



irrtSfrNanieoi Surname 



7/ 



Inventor's Signature 
Residence: ^»rfelDnichonstr, 18 



Date 



or Mailing Street Address 

Address MWcfwn =P & ^ 

City 
JOWff 



Stale 

GERMAHT 



Country 



ZIP/Postal Code 



Citizenship 



8 - *» 




ReJnhard 



g/MLNEpgp , 



Inventor's Signature 



Residence: guerififciafe. 19 



or Mailing Street Address 
Address Mortchen ~f£> 

City 



ZIP/Postal Code 



Grven Name(s) FamWIWameor Surname 



Date 



State 

GERMANY 



Citizenship 



GERMANY 
Country 



empf angen" 



HH 29.04.2002 |$15:17 



11 Is $ ll "i! CS; iL !i , iPii Pi- .* b tf "u £2h 



RPR 29 2002 9: 19RM 



HP LASERJET 3200 



p. 2 



DECLARATION FOR UTILITY PATENT APPLICATION (37 CFR 1 .63)/POVYIi:R OF ATTORNEY 



First Named Inventor: 



Application Number 
Filing Date 
Group Art Unit 
Examiner Name 



107049,245 
January 25, 2002 



KAHL * al. 



Attorney Docket Number GRUNP118 



□ Declaration Submitted with Irutiiil Filing 
M Declaration Submitted after Initial Filing 
(surcharge (37 CFR 1.16 <e» re quired) 



As a below named Inventor, I hereby declare that: 

My residence, mailing address, and citizenship are as stated below next to my name. 

I believe I am the original, first, and sole inventor (If only one name is listed below) or an original, first, and joint Inventor (if 
olural names are listed below) of the subject matter that is claimed and for which a patent Is sot ght on the invention entitled: 
P A MFTHOO AND APPARATUS FOR THE SEPARATION OF PARTICLES. ESPECIALLY OF JvlACRQMOtECULES. PY 

ELECTROPH ORESIS 

the specification of which 



O is attached hereto. 

OR 

IS was filed on 1/25/20 
Number 10/049.245 



(MM/DD/YYYY) as U.S. Application Number or PCT Into "national Application 
and was amended on (M M/DD/YYV Y) (if applicable). 



I hereby state that I have reviewed and understand the contents of the above-identified specification. Including the claims, as 
amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information that Is material to patentability as defined in 37 CFR 1.56, Including for 
cominuatlon-ln-part applications, material information that became available between the filing elate of the prior application 
and the national or PCT international filing date of the continuation-in-part application. 

I hereby claim foreign priority benefits under 35 U.S.C. 1 19(aHd) or (f), or 365(b) of any foreign eipplication{s) for patent. 
Inventor's or plant breeder's rights certificates), or 365(a) of any PCT International application t designated at least one 
country other than the United States of America, listed below and have also Identified below, by checking the box, any 
foreign app0catlon for patent. Inventor's or plant breeder's rights certificates), or any PCT International application having a 
filing date before that of the application on which priority is claimed. 



Prior Foreign Application 
Numberfs) 


Foreign Filing Date 
(MM/DD/YYYY) 


Country 

PCT 


Priot 
Not CIs 


tty 
Imed 


Certified Copy 
Attached? 
YES NO 


PCT/EP00/07206 
199 35028.0 


07/2672000 
07/28/1989 


Germany 






B H 



I hereby appoint Thomas M. Champagne (Reg. No. 36*478* Paul W. Koda (Reg. No. 44.191); and George F. Wallace (Reg. 
No. 45;Z86) as attorneys to prosecute the application Identified above, and to transact all business in the United States 
Patent and Trademark Office connected therewith. 
Please direct all correspondence to: 

IP Strategies. P.C 

806 7* Street, WW, Suite 301 

Washington, DC 20001 

202.2*9-2700 

202.289.3594 fax 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on Information 
and belief are believed to be true; and further that these statements were mads with the knowle dge that willful false 
Satemer^^^ punishable by fine or Imprisonment or both, under 18 U.S.C. 1001 and that such willful 

false statements may Jeopardize the validity of the application or any patent Issued thereon. 



NAME OF SOLE OR FIRST INVENTOR : _Jahms&Stom 



Given Name(s) 



KAHL 



Family Name or Surname 



Inventor's Signature 



Date 



Residence: 
or Mailing 
Address 



AmallenstraBe 49a 



Street Address 
MOnchen 



City 
80799 



State 



ZlP/Pastel Code 



Citizenship 



GERMANY 

Country 
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DECLARATION. Pago, 2 of 3 



KAHL ot aL 



1 0/049 J245 



NAME OF SECOND INVENTOR : 



.Jails. 



A A//* 

it^Pa Sign* 



InventeVs Signature 
Residence: J 1 alOaiibeiuaU. 4 



or Mailing Street Address 

Address Mflnchen ^> — 

City 



State 



g<S^=H GERMANY 

ZlwKstalCode Citizenship 



G(vefTNsme(s) Faulty Name oi Surname 

_ (2JL o I 

Date 



GERMANY 



Country 



NAME OF THIRD INVENTOR : 



Jpachlpn 



Given Name(e) 



_ RgBUEB 



Family Name or Surname 



Inventor's Signature 
Residence: ftflmerhofwea 51 



or Mailing Street Address 
Address Garchtna 



City 



ZJP/Postal Code 



Data 



State 

GERMANY 



Citizenship 



GERIflANY. 



Country 



NAME OF FOURTH INVENTOR: 



Roman 



Given Name(s) 



Family Name o ' Surname 



Inventor's Signature 

Residence: Odeonaoiatzz 
or Mailing street Address 
Address MQnchefi 



City 
80533 



ZIP/Postal Code 



Date 



Slate 

GERMANY 



Citizenship 



GERMANY 



Country 



NAME OF FIFTH INVENTOR : 



Given Name(s) 



MAIER 



Family Name or Surname 



Inventor's Signature 
Residence: Rathausstraga 34 



or Mailing Street Addresa 
Address . KarlsffrKI 



City 
SS757 



ZIP/Postal Code 



Date 



State 

GERMANY 



Citizenship 



GERMANS 



Country 



"is \T\\ ti. ti- ft. 3 ! n"» ! ""'s! if* a sr^n «^ ?j_ I' 
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pt-pLARATION. Page 3 of 3 



KAHL at al, 



10/049^45 



NAME OF SIXTH INVENTOR : 



JJiL 



Glven Name<s) 



rAdler 



Family Name « iiumame 



Inventor's Signature 



Residence: Marcharabanpiatz 1a 
or Mailing Street Address 
Address Mflrtchen 



City 
J0805 



ZIP/Postal Code 



Date 



State 

GERMANY 



Citizenship 



GERMANY 



Country 



NAME OF SEVENTH INVENTOR : 



jftndres 



Given Name(a) 



HOHNER 



Family Name »■ Surname 



Inventor's Signature 

Residence: ^eherbinmchenstr. 18 



Date 



or Mailing Street Address 
Address Mtlncftsrt 



City 



ZIP/Poetal Code 



State 

GERMANY 



Citizenship 



GERMANY 



Country 



NAME OF EIGHTH INVENTOR : 



Relnhard 



Given Name(s) 



GALNEDER 



Family Name or Surname 



Inventor's Signature 
Residence: fftipHctaistr. 19 



or Mailing Street Address 
Address MOnchen 



CHy 

80805 

ZIP/PostaJ Code 



Date 



State 

GERMANY 



Cttlzenshlp 



GERMANY 



Country 



29.04 .2002 |Ql5:17 



T) empfangen 



] 
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DECLARATION FOR UTILITY PATENT APPLICATION (37 CFR 1 .63)/POWIi:R OF ATTORNEY 



First Named Inventor: 



Application Number 
Filing Date 
Group Art Unit 
Examiner Name 



10/049,245 
January 25, 2002 



KAHLetal. 



Attorney Docket Number GRUNP118 



□ Declaration Submitted with InJtiiiJ Filing 
H Declaration Submitted after Initial Filing 
(surcharge (37 CFR 1.16 (e» required) 



As a below named Inventor, I hereby declare that: 

Mv residence, malllna address, and citizenship are as stated below next to my name. 

IbSS^m the original, first, and sole inventor (If only one name is listed below) or an original, first, and joint inventor (if 
nlural names are listed below) of the subject matter that is claimed and for which a patent Is sotght on the invention entitled: 
P Tm^D AND ^^RATUS FOP *HE SEPARATIO N! OF PARTICLES. ESPECIALLY OF MACRO MOLECULES. PY 



PI FpTRppHORESIS 
the specification of which 



□ is attached hereto. 

OR 

I2 was filed on 1 

Number 1Q/Q49.245 



(MM/DD/YYYY) as U.S. Application Number or PCT Into -national Application 
" and was amended on {MM/DD/YYY Y) (if applicable). 



I hereby state that I have reviewed and understand the contents of the above-Identified specific Uton. Including the claims, as 
amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information that Is material to patentability as defined in 37 CFR 1.56, Including for 
c^S^U^a^\\cai\ans t material Information that became available between the filing c tote of the prior application 
and the national* PCT international filing date of the continuatiorv4n-part application. 

I hereby calm foreign priority benefits under 35 U-S.C. 1 19(aHd) or (f). or 365(b) of any foreign application^) for paWt. 
\^^soXt^^&^t\ Q m certificates), or 365(a) of any PCT International application t ^ emigrated at least one 
L^^S iKan fine United States of America, listed below and have also Identified below, by checking the box, any 
^XSTn £££ fnve^s^^ b^Ser-s rights certificate^, or any PCT Intentional application having a 
filing date before that of the application on which priority is claimed. 



Prior Foreign Application 
Numberfs) 



PCT/EP00V07206 



109 35 028.0 



Foreign Filing Date 
(MM/DDfYYYY) 



Q7/26/2O00 



Q7/26MQ9Q 



Country 



PCT 



Germany 



Priority 
Not Claimed 



' Certified Copy 
Attached? 
YES NO 




I hereby appoint Thomas M. Champagne (Reg. No. 36^78* Paul W. KOda (Reg. Nc l 44 191); nnd George F Weg. 
Ko ^86)as attorneys to prosecute the application Identified above, and to transact all buslniiss In the United States 
Patent and Trademark Office connected therewith. 

Please direct all crjrrespondence to: » r 

IP Strategies* p.c. 
606 7* Street, NW, Suite 301 
Washington, DC 20001 
202.289.2700 
202.289.35M tax 

i h«r«bv declare that all statements made herein of my own knowledge are true end that all stai ements made on Information 
IS hSJ!^Keved I tab? twlrSlSrther that these statements were made with the knowledge that willful false 

ratee^^mams may jeopardize the validity of the application or any patent Issued thereon. 



NAME OF SOLE OR FIRST INVENTOR : _,Joftf»vYa,|omtn 



Given Name(s) 



Family Name or Surname 



Inventor's Signature 



Date 



Residence: 
or Mailing 
Address 



Street Address 

IVIOnchen 

City 



State 

GERMANY 



ZIP/Postal Code 



Citizenship 



QERMAKY. 



Country 
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NAME OF SECOND INVENTOR 



Julia 



Given Name<s) 



MB5EM 



Family Name oi Sumairn 



1 0/049 J245 



Inventor's Signature 
Residence: Fl?lB ftnhftro&tr - 4 



or Mailing Street AdoYess 
Addreaa MuncfKD 



City 
..91547 



ZlP/Poatal Code 



Date 



State 
G 



GERMANY 

Country 



NAME OF THIRD INVENTOR : 



Joachim 



Given Name(e} 



*APIER 



Family Name or Surname 



Inventor's Signature 
Realdence: R^rtmffWeo 61 



or Mailing Street Address 

Address garcn'rifl 

City 



ZIP/Postal Code 



Date 



State 
GERMANY 



Citizenship 



GERMANY 
Country 



NAME OF FOURTH INVENTOR: 



Ffomao 



Given Name(s) 



Family Name o - Surname 



Inventor's Signature 



Residence: r^eonsolate2 
or Mailing Street Address 
Address MQncheti 



City 
B053& 



ZIP/Postal Code 



il 



L 




Residence: R^hauastrage 34 

or Milling Street Address 

Address nnHfltW 
Cl^ 
jBSZSL 



ZIP/Postal Code 



Date 



State 

GERMANY 



Citizenship 



Baanllg 



S ,oc NAME OF FIFTH IN^HTOR : / oKWNlm^s) 
Inventor's Signature 



GERMANY 
Country 



Date 



w ^ / , _ i 



MAIER, s 

FainllTNarna or Surname 



State 

GERMANY 



_ QSRMANK. 
Country 



Citizenship 
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NAME OF SIXTH INVENTOR : 



JAJL 



Glven Nam©<*> 



RADLER 

Family Name 01 Surname 



Inventor's Signature 



Residence: , U^Osa^S^SSLiSL 
or Mailing Street Address 

Address _M<lT^ hen - 

City 
J0805 



ZIP/PostalCode 



Date 



State 

PERM ANY 



Citizenship 



Country 



NAME OF SEVENTH INVENTOR 



.Andre? 



Given Name(s} 



„ HPHNgB — : — 

Family Name or Surname 



Inventor's Signature 

Residence: 
or Mailing Street Address 
Address MfffltiWH 



City 
JOfW. 



ZJP/Postal Code 



Date 



State 

GERMANY 



Citizenship 



_ gS FtMANY. 
Country 



PAI fJFD^R 

NAME OF EIGHTH INVENTOR: ^SSSSm Family Name oF Surname 



. ■ Date 

Inventor's Signature 



Residence: ffyoHcjffftr. Ig, 

or Mailing Street Address QERMANV 

Address MOpCjlflD stata ~~ Country 



Cl * fi GERMANY, 

Zlg ^ Co d e Unship 



